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CYANOBACTERIA AND CYANOLICIIEINS: CAN THEY ENPIANCI: 
AVAILABILITY OF ESSENTIAL MINERALS FOR HIGHER PLANTS? 


a e 2 
Kimball T. Harper! and Rosemary 1. Pendleton 


\BsrRacT—In both field and greenhouse studies. cvanobacteria and cyanolichens of cold-temperate deserts often 
enhance growth and essential clement uptake by associated herbs. That fToct is associated with better see ‘dling estab- 
lishment and Jar ger secdlings. The following are possible mechanisms for these effects: (1) the microbiota concentrate 
essential elements in available forms in soil surface lavers, (2) the microbial surface covers are usually darker colored than 
the soil itself and produce warmer soils during cool seasons when soil water is most available, (3) \ the gelatinons sheaths of 
several cvanobacterial genera common on alkaline deserts contain che Jating compounds, and (4) conditions that favor 
persistent microbial growths on soil surfaces also favor maintenance of larger populations of microorganisms that form 
mycorrhizal and/or rhizosheath associations with seed plants. There is evidence that associated animals may be nutritionalh 
henefited by the enhanced mineral content of forage plants growing in well-developed cyanobacterial crusts. 
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Dense growths of cyanobacteria, lichens, PERTINENT LITERATURE 
xerophytic alae. mosses, and microfungi are a 
common pennin e of soil surfaces in seid anid A large literature documents the role of ey- 
arid temperate regions worldwide (Friedmann daolnctoan cyvanolichens, and free-living bac- 


and Galin 1974, Harper and Marble L988, West teria (nonsvinhiotic) in desert soils (Harpe rand 
1990). Such soil covers are commonly much — Marble 1985, West 1990). Since legumes and 


: . 5 is ; 7 . (oy = 
darker than associated surfaces without such nee vascular plants a eee svnbiotic, introgen 
- o ASSO yns With bacteria are 
growths (Fig. elec nilconititece cryp- NINE associations With bactena are yncomMMON 
hake i hee ; in ie quperate deserts, their importance as 
tobiotic surface vrowths (On “cryptogaunic 


sources ol biologically available nitrogen is mini- 
rusts as the ae Ate 7 called) has focused on o - ' ee 
| malin such environments (West 19ST). Rvchert 
their ability to “fix” nitrogen in a biologically 


etal. (1978) concluded that “blue-green algae 
awailable form (MacG regor and Johnson. 197 I. Z iy 


Mayland et al. 1966. Shits Sel ial TOG2) lichen crusts fix significant amounts of atinos- 
phe ric nitrogen in desert ae (they estimate 


and to stabilize soil surfaces against water fio of 10-100 ke Nha! AA ane 

- ; : c C re 
(Booth 194], Fletcher and Martin 194%, Fritsch Hae ee AN te aicr ok 

c 

QOD . a aye nok rive + Draeyre 
Pe or wind ¢ tas (Mackenzie and aon suggests that nonsvmbiotic, heterotrophic nitro- 
1979). Other studies have shown that nitrogen gen Gee responsible for fixation of only <2 
lixed by cvanobacterial components of the crvp- ke Nha?vr! in North American deserts (Ry- 
tobiotic crusts is available to higher plants Gert et al. 1975. Stern and Dehviche 1970), 
(Fuller et al. 1960, Mayland and MacIntosh The input of available nitrogen in annual pre- 


AN me ‘ble information 


1966, Stewart 1967). cipitavion ts appare nutly a ath estimates mn- 

The intent of this paper is to assemble exist- hing from 4-6 kgha ‘vr! (West 1975) to 1-2 
ing data and report new data bearing on the ke li fea iSclile ‘singer 1991). Schle singer 
influence of evanobacterial-rich assemblages of (1991) notes that ava N in dry-fall exceeds 
cryptobiota on mineral nutrition of associated ne in rainfall in some areas, but West and 
vascular plants. Skujins (1975) ae that since deserts produce 
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beg § Contrast between natural soil color and the dark-colored cryptobiotic growth on the soil surface. Such surface 
vths of cvanobacterta the black fichen Collema, and xcropliytic mosses are common on desert soils in the Intermountain 
North America Soil shown is deve lope ‘d trom: ancient lacustrine de posits, western U tah. 


surlace soils of deserts has been documented in 
avariety of reports. Such studies often show that 
wailable P exchangeable kK, and surface soil 
organic matter increase apace with cryptobiotic 
cover (Anderson et al. 1952, Kleiner and Harper 
1972, 1977a, LOTT, Me Knight 1980). The trend 
lor elements other than N is apparently related, 
at least in part, to the tendency of the eryptobi- 
otic crusts to trap soil fines (silt and ck wv) and to 
sequester essential clements in living cells 
‘Fletcher and Martin L948. Kleiner and Har per 
19726, 

Cryvptobiotic crusts are usually darker than 
ASSOCK i ‘soils in deserts (Fig. 1), As a result, 
soil surfaces covered by such ernsts absorb radi- 
ant cnerey better than ne rarby unerusted soils 
and are warner (Klemer and Harper 1977hb, 
Harperand Marble 1988). Temperature differ- 
echoes may be at least 5°C (ilarper and Marble 
LOSS) and are probably greatest in cooler sea- 
ous. In the Great Basin. where the bulk of 

lologically nsable moisture accumulates from 
cr storms, areas covered by cvanobacterial- 
Homa lichen crusts can be expected to be 
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significantly warmer than interspersed un- 
aniieredl soils. Both soil mierobes and associated 
vascular plants (especially shallowly rooted spe- 
cies and seedlings) should experience acceler- 
ated spring aexeeh on sites where — soil 
temperature is elevated because of well-devel- 
oped ernyptobiotie growth. 
sced plants Rotel in cryptobiotic crusts might 
be expected becanse of more favorable tem- 
peratures and more fertile soils. Physiologists 
have long recognized that many phy sinlonical 
processes have a Qo of 2-3; that is, as tempera- 
tures within the range of easv tolerance are 
increased 10°C, metabolic rates for processes 
such as enzymatic reactions, ion uptake, and ion 
transport are doubled or tripled (Glass 1989). 
Algologists and microbiologists have docn- 
mented the nature of organic secretions from 
microorganisms and speculated on their eco- 
logical roles in. the organism-environmental 
complex. Algae are known to secrete polysac- 
charides, amino acids, vitamins, growth factors, 
steroids, saturated and unsaturated fats, and 
other beneficial or toxic compounds ofimknown 
structure (Lefevre 1964). The secretions often 
form a gelatinous film oe the cells. Among 
cvanobacteria, such sheaths are common and 
include polysaccharides, organic acids, amino 
acids. a polypeptides (Lange 1974). In 
aquatic systems, extracellular organic secretions 
play a variety of roles mending food for het- 
erotrophic organisms, chelating agents that in- 
crease av ailability of eccential elements 
(particularly iron and other trace clements). 
growth stimulators. toxic compounds that clis- 
courage herbivory (and are sometimes anto- 
toxie), and compounds that complex with and 


inactivate toxic age nts (sneh as COppe ‘r) in water 


(Lefevre 1964). 

Lange (1974) demonstrated that sheath ma- 
terials OF evanobacteria include chelating agents 
that pe rmit the organisms to grow vigorously in 
water having a high pit in Ritch several essen- 
tial slements Penile othenvise be available in 
such low amounts that active growth would be 
impossible. He demonstrated that some specics 
in each of the following genera secreted enough 
natural chelators to produce growth equivalent 
to that of the same species in cultures that re- 
ceived artificial chelators: Anabaena, Anacystis, 
Lyngbya, Microcystis, and Nostoc. We also 
demonstrated that the natural chelators were 
water soluble and that filtrates of cultures in 
which chelating species had grown supported 


Enhanced growth of 
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good growth of nonchelating species. The latter 
species were unable to grow in the same water 
if chelating species had not previously grown in 
it. Lange (197 6) coneluded that the ge Sl tiniGns 
ah ane of cyanobacteria provide a imicroenvi- 
ronment around their cells, where essential nu- 
trients can be concentrated = from an 
environment in which those elements exist at 
levels too low to sustain growth. In alkaline 
deserts the hygroscopic nature of the copious 
gelatinons sheaths produced by evanobacteria 
Gina many associated algae, bacteria, and fungi) 
suggest another, pe raps essential, role for Sie 
extracellular secretions, that of — retaining 
enough water around cells in dry periods to 
prevent lethal desiccation. 

A large literature documents the import: int 
role of mycorrhizal associations for mineral nu- 
tritional relationships of vascular plants (Allen 
1991). Allen (1991) concluded that “major per- 
turbations almost always reduce the inoculum 
density” of niveorthizal fungi. Bethlenfalvay et 
al. (1985) determined that trampling of soils by 
hooted grazers (cattle) reduced mycorrhizal in- 
oculimm in crested whe -aterass pasture s inANe- 

vada. Koide and Mooney (1987) showed that 
pocket gopher burrowing in othenvise midis- 
turbed serpentine herblands in coastal Calilor- 
nia also reduced mycorrhizal inocuhim. Perry et 
al. (1959) reporte ‘d that sprouting shrubs may 
maintain a mycorrhizal infection through the 
stressful conditions induced by wildfire. Wull- 
stein and Pratt (1981) disenssed the deve lop- 
ment of rhizosheaths of Oryzopsis hymenoides 
(R. & S.) Riker (now classified as Stipa 
fnymenoides R. & S.), a desert grass. Oryzopsis 
and several other grasses of a sandy soils 
produce conspicuous rhizosheathis consisting of 
dense tangles of root hairs and intermixed het- 
erotrophic bacteria capable of fixing nitrogen 
(Wullstein et al. 1979). Unpnblished data in the 
files of the senior author suggest that  rhi- 
zosheaths apparently enhanee mineral uptake of 
Stipa ie noides for several clements. 

The foregoing literature survey suggests that 
cryptobiotie crusts may significantly Hic ‘y the 
uptake of essential clements by associated de- 
sert seed plants. In this paper we report prelimi- 
nar resnits on the effects of ernptobiotic COVETS 
dominated by evanobacteria and Collema on 
tissue ehe ‘istry of associated seed plants. 

Collema is a black-colored lichen in which the 
photobiont is the cyanobacterium Nostoc. Spe- 
cifically, we vill consider the effects of the 
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paste, Organic matter was estimated by diges- 
lion with 1.0 N potassium dichromate. Total coll 
nitrogen was analyzed by the micre-Kjeldahl 
proce he 1 Phosphorus was determined with 
the iron-“TCA-molybdate method on a soil ex- 
tract taken with 0.2 N acetic acid. Exchangeable 
bases were [reed from the soil with 1.0 N am- 
moniuin chloride. lon concentrations in the ex- 
tract were estimated by atomic absorption. All 
soil analyses were ade in the Soil and Plant 
Analysis Laboratory, Department of Agronomy 
and Lorticulture, ‘Brigham Young Universit. 
and all analytical me thods were ere on those 
recommended by Black et al. (1965). 

Soils lor pot trials in the glasshouse were 
bidk-collected from the Sand ne site, Grand 
County, Utah. in January 199] and immediately 

spre ‘ad ina thin laver on a laboratory {floor to 

air-dry. Samples from areas with and without 
C rnvptobiotic cover consisted of the surface 5 em 
only. Once dried, soils from each surface type 
were thoroughly mixed (including the biotic 
cover lor that sample set) to ensure a uniform 
potting mixture. No fertilizer amendments were 
added. Subsamples from each surtace type were 
taken for subsequent analysis of physical and 
chemical characteristics. One liter of soil from 
the sample taken from each surface type was 
placed in a drained plastic pot having a top 
diameter of 15 cm. Belore pots were filled, 
drainage holes were covered with a coarse fiber- 
glass mesh to preclude loss of soil. Soils from 
each surface type were replicated 10 times in 
individual pots. Pots were immediately placed 
ina grid on a water-tight table ina glasshouse 
and watered from che bottom ene V2 -cin 
laver ol water that was drained olf as soon as soil 
al the pot surface was thoroughly wetted by 
capillarity. Pots were placed ina 4 X 5 grid with 
vrid intersections 30 em apart. C rvptohiotic and 
blow sand soil surtace types were alternated in 
Ihe grid. Six presoaked seeds of Sorghum 
halepeuse (4..) Pers. were planted in each pot on 
I} Pobmar 1991. Pots were irrigated with tap 
Water as needed to maintain nouRereee al erOW- 
HI ¢ ‘onditions, 

To evaluate the cfleets of cyanobacterial 
erowth throughont the rooting zone, we initi- 
ated asecond trial simultane ous with the lore- 
going pol trials. In that trial we filled narrow, 
vlass-Wwalled planters with 0.9 liter of the same 

ei Lobiotic-eovered soil. Each planter was 1.5 
ci wide 40 en long, and 30.5 em de sep and was 
- ided into two compartments of equal size by 
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a redwood strip 1.5 X 0.5 X 30.5 cin inserted at 
the midpoint of the planter before adding soil. 
The glass walls of one compartinent of each 
yanter were covered with alinninum foil to 
exclude light. Planters were drained and acrated 
at their bottoms via a perforated tygon tube (4 
mim in diameter) open to ontside air at both 
ends. These planters were irrigated and planted 
with presoaked Sorgliamn halepense seed at a 
rate of 6 seeds per compartment on L6 Febrmiary 
199]. This trial was replicated 10 times. [t was 
necessary to water these plante rs on alternate 
day's with 250-300 ml of water, For conven- 
ience, tap water was drawn and stored in a 
plastic bucket in the glasshouse until needed for 
irrigation of planters. This water averaged S— 
12°C warmer than water taken directly from the 
tap. The combination of wanner irrigation water 


and less exposed soil surface from which water 


could evaporate resulted in root temperatures 
for plants grown in narrow planters that aver- 
aged 3-8.5°C warmer than those of Sorghum 
plants from the same seed lot grown in the same 
soil but watered from the bottom. Temperature 
differences were greatest immediately after ir- 
rigation of the pots with cold tap w ater, 

After three weeks cyanobacterial growth 
covered the glass walls of planters not covered 
by nian foil. The cyanobacteria obviously 
competed with Sorglt roots for essential min- 
erals, Plants grown in planters that received 
light throughout the rooting zone were smaller, 
ne their iene CS WETC dco d by reddish pig- 
ments in contrast to adjacent plants grown un- 
der identical conditions except that light was 
excluded from the rooting zone. As a conse- 
quence, glass walls of all planter compartinients 


were covered with aluminum foil 3 weeks after 


planting. The foil remained in place until plant 
top growth was harvested foranalysis on 29 April 
1991. Plants grown in pl witer compartine nts 
previously learnt in the rooting zone 
quickh: regained normal leaf color and becatars 
indistingnishable in. size from adjacent plants 
grown in compartments with foil-covered root- 
ing zones. Chemical analyses of plant. tissie 
Fork these trials demonstrated that tissue 
chemistry from plants that had their rooting 


ZONC exposed to light for 3 weeks did not differ 


significantly for any element considered from 
that of “plants that had not received light at anv 
time inthe rooting ZONE. 

Plants in narrow planters aud those in pots 
of bottom-irrigated, cyanobacterial-enriched 
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soil were grown [rom the same seed lot in the 
sume soil and were propagated in the same 
glasshouse at the same time. These othernvise 
identical conditions for growth were marked by 
a strong difference in root temperature, with 
pots averaging ~- 16°C and narrow planite rs 
~21°C. To determine the effect of different 
rooting zone temperatures on mineral composi- 
tion of Sorglaia aboveground growth, we ana- 
Ivzed and compared the che Riel Composition 
of top | growth of pot-grown pl: wits and planter 
grown plants (sec esil 

Plant tissue was oven-dried at 60°C for 12 lir 
and then ground ina steel rotary mill using a 
40-niesh sieve. Samples were stored until ana- 
lnzedin capped plastic vials. Tissue nitrogen was 
determined using micro- Kjeldi te procedures. 
Duplicate 1.0-g tissue samples from each ex- 
perimental replication were digested in a 1:5 
solution of concentrated sulfirie and nitric acid. 
Content of bioessential elements in the diges- 
tate was determined using atomic absorption 
procedures (Page et al. 1982). 

The degree of root infection by vesicular 
arbuscular mycorrhizae and other root: syvm- 
bionts such as Rhizobina bacteria (associated 
with roots of Lupinus) or Bacillus bacteria (as- 
sociated with rhizosheaths of Stipa hymenoides) 
was determined by microscopic examination of 
roots of randomly selected plants growing in 
well-developed cyvanobacterial-Collema crust or 
on nearby comparable sites Where wind action 
or animal traffic (sometimes areas trampled by 
people) had precluded growth of cryptobiota. 
Within each soil surface type, plants were ran- 
donily selected using the quarter method (Cot- 
tun and Curtis 1956). Plants were collected 
during early flowering (early May 1992) in 
\\ fis phaser and Grand counties, Utah. Bronits 
feclorum 1, Cryptantha plerocarya (Torr) 
Greene, Cryptautha crassiscpala (T. & G.) 
Greene, Festuca octoflora Walter, Lupinus 
pusillus Pursh, and Plantago patagonica Jacq. 
were collected in’ Washington ~~ Comnty. 
Coleogyne ranwosissima Torr, Mentzelia albi- 
caulis Doug. ex Hook., Stipa hymenoides. and 
Streptanthella lougirostris (Wats.) Rvdb. were 
collected in Grand County. 

Using a shovel, we lifted the root systems 
from the sz andy soils ina block and then freed 
them from associated sand by hand. Plant tops 
were immediately c a and roots were placed 


in 75% ethanol in labeled. screw-cap glass 
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Plant nomenclature follows Welsh et al. 
1987. Lichen nomenclature follows Egan 
LYST . Statistical signiticance of differences be- 
tween group means was determined using an 

unpaired f-test model | Snedecor and Cochran 
1967 . Significance of treatment effects in Table 
5 was determined using analvsis of variance 

ANOVA. with species treated as blocks. Per- 
centage data were arcsine transformed prior to 
analysis by the GLM procedure of the SAS 
statistical package. 

Centered. standardized principal compo- 
nents analysis’ PCA’ was used to analvze differ- 
ences among samples collected from crusted 
soils and uncnusted soils Pielou 19S4 . Various 
soil chemical and phvsical parameters were 
used in this analvsis. which was conducted using 


the Statgraphics pac kage. | 





RESULTS 


The ettect of cryptobiotic crowth on surface 
soil chemistrv and texture is particularly impres- 
sive for such variables as organic matter. soil N. 
exchangeable MIn. and “available” P» Table 1 
Exchangeable Ca was also much higher on av- 
erage in soils stabilized by cvanobactenial-rich 
surface growth. As in other studies «Fletcher 
and Martin 1945. Kleiner and Harper 1972. 





kee oA first t ery , a baa 
‘ ; bs 1977a. 19V7b . our results show that soil silt and 
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matter and < is probably directly related to the 
presence of crvptobiota. 
| Principal components analvsis of the basic 
\ | piesovere taken trom dataon which Table 1 is based showed marked 
x ditt-rences between crusted and uncrusted 
lye : iepesteere cleared and soils. even though three separate areas two in 
Mean 0 Cary Arches National Park and one at Wind Whistle 
me ol C armperound were studied. The first principal 
- . component clearly separated the crusted soils of 
1, the most intensively sampled Arches site from 
ay erty ponding uncrusted soils samples Fig. 
" “\. Crusted and uncrusted soils of the other 
v sles were also separated bv the first com- 
4 Clear differences among sites were evi- 
* om the separation that occurred on the 
» | pe cipal component | Fig. 2A). The per- 
“af sot .ariance in the data accounted for 
wl PC2 were 48% and 22%, respec- 
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TABLE 
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_ Tissue elemental content of plants of Festuca octoflora a diminutive annual) and Mentzelia multiflora a 


short-lis a perenni: al herb) grown on blow sand and nearby sand stabilized by evanobacterial-Collema crusts. The Festuca 
saniples were taken at Wind Whistle Campground i San Juan County. Utah: the Mentzelia samples were taken at 


Courthouse Wash Dunes, Grand County. Utah. All data are from Belnap and Harper yin review 


All tissue concertrations 


are expresse -d as amount per mit drv w eight of abovegronud growth and attached root tissue Ente d free of sand. Sample 


size was 3 for each mean. 








Festuca octoflora 





Menizelia multiflora 





Soil surface condition 








Soil surface condition 

















Cvanobacteria/ Blow Sign. Cyanobacterial Blow Sign. 
Element lichen cover sand differ. lichen cover sand differ. 
NED 220 ].95 2 61 le a 
Pi) ().25 Q.]4 0.20 0.24 a 
Kite) L555 1.64 4.04 2.67 \ oe 
Cai &% ) 0.65 0.52 ee 1.97 NS 
Meg (%) 0.15 wis 0 33 23 F 
Cu (ppm) 11.0 10.4 5.6 9.0 NS 
Fe (ppm) 300.3 149.4 639.5 ttt . 
Mn (ppm) 60.3 14.0 G52 S24 NS 
Na (ppm) 61.5 39.5 Faye 63.4 . 
Za ppm) 43.0 33.0 2?.0 20.0 NS 
*Means signitficanth diflerent at p +. 05 


°*Means significantly different at p< O14 
°°*Nfeuns sigmficanth different at p< OOF. 
Means not significantly different 


Plotting the component weights (Fig. 2B) 
vields an explanation for the separation of 
crusted and uncrusted soils. The first component 
most clearly represents the differences between 
uncrusted and crusted soils. Uncrusted soils 
have higher values on this axis, which means 
they have higher pl] and sand content (positive 
weights) and lower Ca. Mn. P. Mg. No and k 
(negative weights). Iron and Zn tended to be 
higher in uncrusted soils but were not as impor- 
tant in separating points on the first axis. The 
second component most clearly represents site- 
specific differences. One Arches site (triangles 
in Fig. 2A) had higher N, K, and Fe (positiv ely 
weighted) and lower P. Mg, i and sand ( negatively 
weighted) than the other two sites (Fig. 2BK 
he: principal components analysis shows that 
despite some site- specific differences, crusted 
soils are generally higher in some essential min- 
erals (N. K, P. Ca. Me. Mn) than are uncrusted 
soils. Site differences were also clearly deline- 
ated in the analvses. 

Table 2 clearly shows that crvptobiotic crusts 
do have a significant influence on tissue content 
of several bioessential elements in both Festuca 
octoflora and Meutzelia multiflora (Nutt.) Grav. 
Since Belnap and Harper (in review) show that 
soil textural differences are sinall (<10% differ- 
ence in percentage sand) between blow sand 


and adjacent sands stabilized by surface growth 
of cryptobiota. the tissue content differences 
seen in Table 2 would seem to be strongly influ- 
enced by microorganisms on the soil surface. 
Tissue content of both seed plants was signifi- 
cantly greater for'N, Mg, and Fe when plants 
were rooted in cv anobacterial-rich crusts. Al- 
though not all differences were statistically sig- 
nificant. 9 of 10 elements were present in 
greater amounts in tissue of Festuca plants 
grown on cryptobiotically stabilized surfaces: $ 
of 10 elements were present in greater amounts 
in tissue of Mentzelia plants grown on the crvp- 
tobiotic surfaces. Finally, the data suggest possi- 
ble competition between eryptobiota and seed 
plants for P and Mn. We also note that the 
responses of Festuca and Mentzelia were 
unalike in respect to P and Mn uptake. 
Glasshouse trials demonstrate the soil “fer- 
tilization” effect of the cvanobacte rial-Collema 
cover for growth of Sor ghum (Tables 3, 4). 
Differences observed between chemistry of 
cvanobacteria-free and cvanobacterial-Collena— 
covered soils (Table 3) are small. The en ptobi- 
otic-covered soil had slightly more N. P. Ky and 
Na. The soil free of crvptobiotic growth aver- 
need somewhat higher in Ca and Fe than the 
samples supporting crvptobiotic growth. 
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ven the simall physical and chemical difler- 
Table 3°. the often signifi- 
hiterences in Sorghum: tissue chemistry 
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between soils 
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crust-free soils on infection of roots by rhizo- 
sinbionts show that 6 of 10 species evidenced 
infection by root svmbionts (Table 3). Of those 
specie ss whose roots showed some infection, 4 of 
G6 were annuals, and all infected annuals were 
colonized by vesicular arbuscular mycorrhizae 
VAM The degree of infection was always 
greater lor plants grown in cvanobacterial- 
Cale yma crusted ml Seedlings of the shrub 
Coleogyne ramostssima supported heavier VAM 
infection than associated annuals, and the rela- 
tive amount of root colonized by the reot svm- 
biont was over three times greater when 
seedlings emerged from crusted ale Roots of 
the perennial grass Stipa hymenoides always 
developed Fzosientie on both types of sur- 
face, but the degree of sheath development was 
createst on crusted surfaces (Table 5). The over- 
all effect of crusted soils on root infection by 
svinbionts was positive and statistically signifi- 
cant (Table 3). 


DISCUSSION 


The results presented provide strong sup- 
port for the hypothesis that crvptobiotic soil 
surface covers (at least those rich in cvanobac- 
teria) have signilicant effects on uptake of bioes- 
sential Meret by associated seed plants. In 
this study we have considered only species (or 
deve ‘lopmie ntal stages) with a major portion of 
their root svstem eiceribatcd in the surface 5 em 
of soil. The cryptobiotic surfaces appear to con- 
sistently enhance uptake of some elements (e.g 
NOK. Ca, Mg. and Zn). and to at least occasion- 
ally reduce uptake of other essential elements 
such as P. Fe, Mi, and Na (Tables 2, 4). Those 
clfeets are appar ently partially explained by en- 
richment of soils increased “availability” of es- 
sential hon oy by evanobacterial- Collema 
crusts Table | by elevation of soil tempera- 
ture during cool seasons When moisture is most 
likely: to be readily available for plant growth, 
and by greater likelihood of root Folonn 7 ai by 
mvcorrhizal fine and other root svinbionts at 
sites that are sti Ane enough to support well- 
developed crvptobiotic crusts. Our preliminary 
results also snggest that evanobacterial-Collema 
crusts man Fecal in an enhanced availability of 
certain Clements through acceles ated decompo- 

sition or production of che lating compounds 

ay and Pin Table 1; Cu. N, Mg, and Zn in 

Lib fe ehakon together, the data in Tables 3 
nal 4 baie that the enhanced uptake of N by 
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TABLE 4. Tissue chemistn of aboveground growth of Sorgiam halepense grown in cyanobacterial-Collema-frec sand or 
sand heavily covered ‘over $0%) by cyanobacteria and C calle mma in pots wetted from the bottom. Also shown is tissue 
chemistry of Sorghum grown in ie same cvanobacterial-Collema-—stabilized sand held in deep, narrow rectangular planters. 
Averages followed by the same lowercase letter do not differ significantly (p< 05). 





Soil and potting conditions 


Tissne content ol Cvanobacterial-free Cyanobacterial soil Cyanobacterial soil 


soil in pots 








nh pots 


Concentration (% drv wt. | 


In narrow planters 








N 0.67 a O.7S b NE live 
ie CS it Galan 0.09 ¢ 
IN 2.29 a a alee 227 
Gai 0.37 a ei 0.6-ba 
Neg O15 a O.l4a 0.26 h 
Sk eI i Concentration ippm dry Wt.) - - - -------- - - 
Cn 45a ok $ 6b 
Fe HOS olsa T.6h 
Mn 64.Aa 5s. s = Wel ee 
Na 43a 32.01) aT « 
vay enue 22 6b 23.9 b 
Sorghum vield/pot leo at 4.5 b = 
g-top growth only! 
No. of replications 10 10 10 
Avg. rooting zone 
temp «C) se oliGy 16 mee) 


plants grown on crusted soils must include a 
considerable amount of N fixed simultaneously 
by cyanobacteria in the culture or N released by 
microorganisms decomposing the tissue of cv- 
rer via grown during the experiment. 
Original UiGianes: in soil N were too small to 
account for the large differences observed in 
plant uptake in the two cultures. 

Other studies have shown results similar to 
those reported here. Marble (1990) demon- 
strated that scalping the surface 1.0 cm of evano- 
bacterial-Collema crust) around rosettes 
Lepidium montaman var. montanim Nutt. two 
months prior to lowering significantly reduced 


aboveground plant weight and tissue content of 


kK, Na, and Cn at flowering time. Several other 
elements (Ca, Nig, Fe, Mn, and Zn) were also 
Jower in tissue of plants around which the enp- 
tobiotic crust had been removed, but those dif- 

ferences were not statistically significant (p > 
05). J. Belnap (unpublished) has an alyzed plant 
tissue for the annual Streptanthella longirostris 
(Brassicaceae) and seedlings of Coleaayne ue 


of 


mosissima (Rosaceae) grown on well-developed 
cvanobacterial-Collema crusts and on compara- 
ble soils withont such crusts. Her data show that 
average plant size of both species was signifi- 
cantly larger on crusted soils. and tissne of both 
species eoneinedhouihennt|s more N, Ca, Mg, 
aiid me per aint drv weight when growh on 
eryptobiotic surfaces. Belnap also has unpub- 
lished leaf chemistry data for adult shrubs of 
Coleogyne ramosissima aid the long-lived, 
woody-rooted at Lepidinin montanunme var. 
jonesii (Rvdb.) C. 1. Hitche. As one might have 
predicte d. adult oh of these species ce d 
no enhancement of essential mineral uptake 
while growing on cvanobacterial-rich crusts. 
The vast majority of their feeder roots lie well 
below those portions of the soil profile that arc 
influenced by crvptobiotic crusts. 

As seen in Table 4, Sorghum growth was 
severely limited on soils free of Cvanobacte rial- 
Collema inocuhim (Fig. 3). Nitrogen seemed 
inadequate ino such soils to support healthy 
growth of Sorghuan. In fact, growth was so minimal 
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toned by aheavw growth of evanobacteria and C ollema tenax (R) and the sanie depth horizon from a nearby site kept 
> tor characteristics of the two soils. 


lor a treatment in which the surface 1.0 em of 
cry plobiotic crust was Sain away. Each spe- 
cies was seeded on 10-22 randomly chosen plots 
throngh a template at 32 locations per 1.0-m- 
plot. After dhe first growing season four of the 
live species had more seedlings on plots where 
the cryptobiotic crust was left intact; in total 
there were slightly over three times as many 
seedlings on the: average crusted plot as on the 
average scalped plot. After three vears a larger 
percentage of the seedlings survived on crusted 
(han on scalped plots for all five species tested. 
In Nevada, Hekert et al. (1986) planted seeds 
of six species on three types of surfaces: (1) those 
covered by a sparse plant litter cover and be- 
neath a shrub e: anopy, (2) polygonal patterned 
snrlaces covered by avigorons growth of crvp- 
toganic cover, and (3) polygon: al patterned sur- 
faces with little cn ptogunic cover and in 
riterspaces between shrubs as was surface type 
2. Vive of the six species tested established as 
‘cll on the tvpe 2 surface as on other surface 
yes or even better on type 2 surfaces; the 
species established best on type 3 surfaces 


1993] 
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TABLE 5. Percentage of the root length colonized by rhizosvinbiouts on cvanobacterial crusted or coniparable soils 
withont a biotic crust. Roots of five randomly chosen plants were cxamined per species and soil surface condition. The 
effect of cyanobacterial crusts (treatment) on amornt of colonization of roots by rhizosyvinbionts is significantly positive 
(F-value for ANOVA = 7.94, p <.O1, df) = 1). P-value for species cHects was $.26 (p< .01,d4. = 5). Plantago patagonica 


was omitted from the latter analvsis. 





Species ~ \ssociate microbe 





Bromus lectorini bya niycor,, 
Coleogyite ramosissima” VA mvcor. 
Festuca octoflora VA mycor, 
Colorado Platean 
Washington County 
Lupinus pusillus Rhizobium 
Plantago patagonica VA mycor. 


Stipa hymenoides Rhizosheaths” 





No biotic crust Cyanobacterial crust 


Avg. percent of root length colonized - - - - 


3 S 
i IS 
a |i ] 
= A 
a2 34 
No sample 13 


10 (all weak) 


100 (60% strong) 





®Roots ol the following speaes were studied, bat no mycorrazac were observed. Cryptantha pterocarya, Cryptentha crassiscpala) Mentzelia albicautis, and 
g | ; 1} j ya, CY) ] 


Stre ptanthella longirostris. All ol these species are annuals. 
Vesicular Srecul omy corrhizte 
“Only see «dlings arising from rodent caches were examined tor this Species. 


‘Rhizosheaths are dense tangles of root hairs. cells of a Bacills poly myxa-like bacterium capable of N-fixation, and adherent sand grams (Widlstern ane Pratt 195] 


and did poorly on type 2 surfaces. Lesica and 
Shelly (1992) reported that cryptogamic soil sur- 
face cover appeared to increase survival of es- 
tablished plants of Arabis fecunda Rollins 
(Brassicaceae) in Montana. 

The foregoing reports suggest that estab- 
islimenteanel survival of sect plants native to 
arid lands may often be enhanced by cryptobi- 
otic cover on soil surfaces. As Harper and Mar- 
ble (1988) show. several scientists have 
successfully used inocula of evanobacteria to 
increase establishment and growth of agricul- 
tural crops in various parts of the world. Accord- 
ingh, observations of positive interactions 
eae ‘een cvanobacterial-rich crusts and seedling 
establishment and erowth in natural arid ard 
environments are not surprising. 

Although the influence of cvanobacterial- 
rich soil crusts on essential mineral uptake by 
associated seed plants appear ed to be strongly 
beneficial for N only, there is reason to believe 
that enhanced tissue content of N, Ca, Me, Na, 
and P mav be beneficial to associated herbivo- 
rous and granivorous animals. Robbins (1983) 
notes that increased diet tary protein consistently 
hastens growth and onset of reproductive ma- 
turity in herbivorous animals, Cyanobacterial 


crusts consistently increased pr otein content of 


associated shallow-rooted seed pli mits and seed- 
lings of deeper-rooted plants in this study (Ta- 
bles 2. 4: Belhnap personal communication). 


Amnann (1965), Aumann and Emlen (1965), 
Belovsky (OST), and Robbins (1983) suggest 
that sodium in plant tissues is often inadequate 
to maintain healthy herbivores. Robbins’s 
(1983) review of die ‘tary sodium requirements 
for animals suggested that diets with less than 
500 ppm sodium will e entually result in poor 
growth or death ofanimals. W © note that cvano- 
eran! emists always enhanced plant tissue 
content of Na in this study (Tables 2, 4). In our 
study, however, even plants grown on crusts did 
not contain the recommended minimum con- 
tent of Na. Thus, animals must resort to local 
“mineral licks” to obtain adequate Na. Such licks 
may be widely spaced on sandy uplands such as 
those si imple “d for this report. Small mammals 
such as the granivorous heteromyid rodents 
common on deserts considered here may be 
especially dependenton Nain plant tissne, since 
they defend small teritories that would rarely 
include a lick where supplementary mine ral 
could be acquired. In such cases, increased tis- 
sue content of Na in pli wits STOWING On CcVvano- 
bacterial-rich surface crusts nav be of critical 
Importance to associated hete romyid rodents. 
Robbins (1983) considered th: at “calcium de- 

ficiencies are probably the major mineral prob- 
lem encountered in captive wildlife.” Ile noted 
that Ca and P are major constituents of the 
vertebrate skeletal system. In mature animals, 
90% of Ca and SO% of P occur in bone, which 


Law fh Co eatio ol about 2:1. Since these ele- 

ments are so titieate ‘ly associated in bone, the . 
are often disenussed together. Birds use Ca hot 
only in bone but also in eggshells. which are 95% 
CaCo, and less than 1% P. Osteoporosis 1s re- 
lated to deficiencies in Ca and/or P in the diet 
orto major imbalances in their presence in the 
food base. Osteoporosis has been repor ted for 
free-ranging camivores in Alaska, lor reindeer 
on lichen-dominated ranges, and for the desert 


tortoise. a herbivore, from the warm deserts of 


— ‘stern Utah (Jarchow 1987, Robbins 
1983). Carnivores may be especially prone to 
saab since flesh contains little calcium. 
(ste OPOrosis in the desert tortoise is surprising; 
Jarchow 1987) considered the disease to be a 
principal cause of death for the tortoise in Utah. 
He found the onset of osteoporosis to be prenia- 
thre and pathogenic in the animals examined. 
No disease could be shown to be associated with 
osteoporosis; thus Jarchow (1987) concluded 
that the condition was caused by dietary defi- 
ciencies. Since the principal food plants taken 
by the tortoise in sonthwestern Utah (ITansen et 
al. 1976) do not appear to be deficient in Ca 
Jarchow 1954), the Holia Lae tee) 
P Jarchow's 1954) and our own data (Tables 2 

1 both show less P in plant tissue than is con- 
ni red necessary by Robbins (1983). 

Since growth on enptobiotic crusts has been 
observed to increase plant tissue content of Pin 
Festuca octoflora (Table 2), Coleogyne ramosis- 
sima scedlings, Lepidium montanune var. Jonesii 

Boliap personal communication), and L. mon- 
fam Var montanune Marble 1990). and to 
have no effeet on tissue P content in Streptan- 
thella lonvirostris | Beln: ap personal commiuni- 

«low itscenis possible that er ptobiotic crusts 
old t dictan intake of P by the desert 
ortonse Simee our data show that P is also OCCa- 
I dower in plants growing on evanobacte- 


lee 


Ventcelia in Table 2) and 
S More research js needed 
ach spread coverage of 
ase or decrense 
bnasmiuch 
, 

. bas endangered 

F ol | , 
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Masslich 1985), and their importance in those 
environments is also known to have been se- 
verely depleted by uses imposed by European 
man (Anderson et al. 1982, Callison et al. 1985). 
Restored vigor of those crusts may improve die- 
tary quality for desert tortoises. 

Although Robbins (1983) concluded that Mg 
rarely poses a dietary problem for herbivores, 
Grunes et al. (1970) and Fairbourn and 
Batchelder (19S0) suggest that less than 0.25% 
Mg in the forage base puts mmminant animals at 
Ack for grass tetany. a nutritional disease result- 
ing in concn hypenritability, and muscle 
dain age, and possibly culminating in paralysis 
and death. Magnesium is an ese hal element 
for proper bone and tooth formation and is an 
important enzvine activator for all animals. Ab- 
sorption of Me by the digestive organs is ap par- 
ently malainted by high la els of N and K in the 
forage; thus, grass tetany is most often observed 
selien animals are feeding on lush spring growth 
of grasses. We note that Hansen et al. (1976) 
found thabanniyel grasses make up 68% of the 
desert tortoise’s diet in southwestern Utah. Our 
data show that cryptobiotic crusts consistently 
enhanced Mg content of tissue of associated 
plants (Tables 2, 4). We suggest that the influ- 
ence of ervptobiatic crusts on Mg in plants eaten 
by the desert tortoise merits Gone attention, 
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